Quantum chemical calculations of relative energies and vibrational frequencies have been per formed in order to elucidate the structure of metalated aminonitriles (1R2RN)3RC2NLi formed upon lithiation of (1R2RN)3RCH-CN in tetrahydrofuran at -78 °C. For the sake" of feasibility the calculations have been performed on model compounds where the heavy substituents 'R, 2R and 3R and in some cases even the complete amino group ('R2RN) and 3R have been replaced by hydrogen atoms.
In tetrahydrofuran (THF) the metalated amino nitriles cause intense IR absorptions between 2000 and 2100 cm "1, which fall into the range usually specified for ketenimines [2] , Nevertheless, the structure of the absorbing species is by no means obvious. Stuctural possibilities are, e.g., a lithiated ketenimine like 1, a lithium-bridged (nonclassical) structure like 2, or a dimer of 1 like 3 (cf. Scheme 2). According to a recent X-ray structure determina tion [2] the lithiated aminonitrile A forms a dimer 3 in the solid state, but this, of course, does not necessarily mean that association of the two units persists in solu tion.
Although the tendency of lithium compounds to form oligomers not only in solution but also in the gasphase is notorious [3] , the degree of association in solution is a sensitive function of the substituents X R, 2R, and 3R, of the nature of the solvent, and of the temperature [4] , Thus, e.g., lithiated acetonitrile (D, X R2RN-and 3R replaced by hydrogen) dissolved in THF, is a dimer between the melting point of the solvent and room temperature [5] . However, in the case of C6H5CHCNLi in THF at -108 °C the monomer/dimer ratio is clearly in favour of the monomer [5] [6] [7] , while the same compound seems to be a dimer in dimethyl sulfoxide [8] . Fhe X-ray struc ture determination of lithiated phenyl acetonitrile complexed by tetramethylethylenediamine revealed that this molecule crystallizes as a dimer together with one molecule benzene in the asymmetric unit. In the solid state each lithium atom is coordinated by four nitrogen atoms, two being the termini of the a-cyanobenzyl units, while the other two are provided by the complexing tetramethylethylenediamine molecule [6] .
We prepared lithiated aminonitriles A -C (cf. Scheme 1) and in the case of the compound with the largest substituents (A) a cryoscopic investigation revealed that this compound is widely monomeric under the conditions of the measurement. As jet no cryoscopic data are available for B and C [2] .
Attempts to trap the metalated aminonitrile with H3CCOCI resulted in N-acetyl ketenimine (1R2RN)(3R)C=C = N -C O C H 3, while reaction with H3CI yielded the carbon-methylated compound (1R2RN)3RCH3C -C N (cf. Scheme 3) [9] , 2 1 J± £ J_ (1R2RN)3RC2NLi H3C-C°£ H3C-C0-N =o/ ■ N R R
Scheme 3
The results are compatible with trapping of a ketenimine-like structure similar to 1, the hard acid H 3CCOCl attacking the hard basic center of the mol ecule (i.e. nitrogen 2N in, e.g., la, cf. Fig. 1 ), while the softer electrophile H3CI preferably reacts with the softer basic center 4C. However, the same trapping products cannot only be derived from structures like lithiated ketenimine 1, but also from the bridged mol ecule 2. In addition the dimer 3 has to be taken into account as a possible source of the trapping product, since it might either be attacked directly by the trapping agents or be funneled off via equilibrium amounts of the monomer.
NMR spectroscopy of, e.g., isotopically labeled organolithium compounds (6Li, 15N, 13C) is a power ful tool in determining their structure in solution [3, 10] . Our point in question was whether such problems can also be solved by means of standard IR spectros copy. Fhus, we recorded the infrared spectra of com pounds A D and interpreted them by comparison with calculated vibrational frequencies. Since the posi tion of the stretching of the CCN segment in the IR spectrum of the complexed dimer of lithiated phenyl acetonitrile [6] which occurs in nujole at 2065 cm "1 is not too different from the absorptions obtained from the lithiated aminonitriles in FHF [1] , one might argue that these species are also dimers in solution. Since this argument convinces only if one can exclude that 1 and 2 show characteristic absorptions close to those of the dimer, we calculated the vibrational fre quencies of model compounds. In these model com pounds the main features of the possible structures were retained but the heavy substituents : R, 2R. and 3R and in some cases the entire amino group and 3R were replaced by hydrogen atoms. Splitting of the characteristic absorption observed for some com pounds attracted our special interest. A similar split ting had previously been observed for lithiated aceto nitrile in THF [11, 12] and was assigned to simul taneous presence of free carbanions and solvent-separated ion pairs [11, 12] .
In addition we performed quantum chemical calcu lations regarding the relative energies of nonclassical and ketenimine-like structures including a rough esti mate of the solvent effect.
Another subject of interest was the influence of sol vation on the dimerization energy of 1 d and 2 b, yield ing 3 a (cf. Figure 1) .
In addition we performed some explorative calcula tions with the semiempirical MNDO method on la, 2 a, and the dimer of C.
Computational Method
Most calculations have been performed on the CDC Cyber 175 and IBM 3090 computer systems of the Rechenzentrum der Rheinisch-Westfälischen Technischen Hochschule Aachen employing the HONDO 5 [13] and GAMESS [14] ab initio program packages. Additional calculations with the Gaussian 86 [15] program have been performed on a TRACE computer. In all but one calculations, the correlation energy has been included in single point post SCF computations employing Moller-Plesset perturbation theory [16] to the second order (MP2) excluding inner shells. In the case of 2 b, geometry optimization has also been performed including MP2 corrections.
Starting from reasonable initial geometries, most of the molecules under consideration were preoptimized with the STO-3G and STO-6G basis sets [17] . The geometries obtained at this degree of accuracy served as starting points for further optimization with the split valence 3-21 G [18] and 6-31 G [19] [20] [21] sets of basis functions and the polarized 6-31 G* basis set [22] , which includes one set of d functions for all heavy atoms. In addition we used the 6-311G basis set, which has a triple split in the valence s and p shells, combined with an inner shell representation by a single function with six gaussians [23] (valence triple zeta).
Starting from a set of coordinates defined by means of X-ray data obtained from dimeric A [2] (cf. Table 11 of the appendix), the structure of 3 a has been optimized at the HF/6-31 G* level under constraint of D2h sym metry.
Except those of the solvated structures, all station ary points located with the STO-3G, the 6-31 G, and the 6-31 G* basis sets were characterized as either minima or saddle points by checking the eigenvalues of the cartesian force constant matrices.
For most of the MNDO [24] calculations we used a modified version of the standard MNDO program [25] . The vibrational spectra of the dimers of C have been calculated employing the MOPAC program package [26] . 
Results and Discussion
The stationary points obtained with the basis sets mentioned above are schematically drawn in Figure 1 . Three perspective views of cyclic structure 2 a are dis played in Figure 2 . The total and relative energies are listed in Tables 1 and 2 , while most structural parame ters are compiled in Tables 9-13 of the appendix.
With the STO-3G basis set, la and 2a turned out to be minima while 1 b and 1 c are saddle points, each yielding one imaginary number in the calculations of their vibrational frequencies. However, at the 6-31 G level besides la and 2a, also lc is a local minimum, while starting from various sets of coordinates no stationary point corresponding to 1 b could be located with this basis set. All attempts to optimize the struc ture at this level resulted in 1 a.
Energetics
Our MP2/6-31 G*//6-31 G* results reveal that in the gasphase 2a is 8.8 kcal/mol more stable than la. Inclusion of zero point vibrational energy calculated at the HF/6-31 G*//6-31 G* level slightly reduces this difference to 8.6 kcal/mol. This value is somewhat smaller than 9.7 kcal/mol obtained for the energy dif ference between 1 d and 2 b [5] . Thus, the effect of the amino group is to reduce the energy difference be tween the ketenimine-like and the nonclassical struc tures.
To estimate the influence of the solvent on the rela tive stabilities of ketenimine-like and nonclassical sys tems we modeled the solvent by water molecules and calculated the changes of energy associated with the following reactions: Id + H20 --1d*H20 The corresponding values are given in Table 3 . Our MP2/6-31 G*//6-31 G* solvation energies for Id are more negative than those obtained with the MNDO method [5] , which, on the other hand, are more similar to our HF/6-31 G*//6-31 G* results. While the use of water molecules as a solvent model is applicable in the case of 1 d. it fails for 2 b. All attempts to optimize the geometry of 2 b with a single water molecule attached to its lithium atom resulted in a structure which con tains an internal O -H -N bridge (cf. Fig. 7 of the a The representation of the four-membered rings of com pounds 3 a and 3 in Fig. 1 and Scheme 2 means a superposi tion of the two equivalent structures:
H^. ,-H u ~C = C = N N= c = c rT he dotted lines in 2. 2a and 2 b indicate that the lithium atom is also in what might be considered as bonding dis tances to 5N and 3C. appendix). Something like this is not to be expected for the solvents actually used in the experiments, and thus the energies of the adducts 2 b • nH 20 cannot be used for our purposec. Fo overcome this problem and to get at least a rough estimate we assumed that the number of vacant positions in the coordination poly hedron of lithium is one less in 2b than in Id. Con sequently, if there are, e.g., two molecules of the sol vent attached to the lithium atom in the keteniminelike monomer, there will be one in the corresponding nonclassical structure. Roughly estimating that the actual energy changes associated with the processes will be the same [5] , we conclude from the numbers in Table 3 that the bridged compound will be less stabi lized in solution than 1 d. As to be expected, lc (which in contrast to the STO-3G results is also a minimum on the 6-31 G hypersurface of H3C2N 2Li) is almost isoenergetic with 1 a.
Our semiempirical calculations are based on the set of MNDO parameters for lithium taken from [27] . Using this parametrizationd, we located the two sta tionary points la ' and 2a' (cf . Tables 12 and 13) .
Obtaining the heats of formation AH{(1 a') = 32.8 kcal/mol and AH{(2a') = 17.8 kcal/mol, carbon-lithiated 2 a' turned out to be 15.0 kcal/mol lower in energy than nitrogen-lithiated ketenimine la'. This is more than three times the value obtained for the difference between la and 2a at the HF/6-31 G*//6-31 G* level of ab initio theory (cf. Table 2 ). On the other hand, this value is not too far from those obtained for the energy differences between 1 a and 2 a and between 1 d and 2 b on the MP2/6-31 G*//6-31 G* level.
Geometries
Discussion of the geometries will be focussed on the main structural parameters. More detailed informa tion, as, e.g., basis set dependencies, may be extracted from Tables 9-13 of the appendix.
The 2N3C4C moiety in la is linear, while with an angle of 172.7° at 2N, (6-31 G*) the 1Li2N3C segment d For the one-center repulsion integral (pp', pp'), not speci fied explicitly in the parameter list [27] , we calculated a value of 0.24 eV from (pp, pp) = 5.00 eV and (pp, p'p') = 4.52 eV, making use of the relationships (pp, pp) = F"+(4/25)F2, (pp, p'p') = F°-(2/25) F2, and (pp', pp') = (3/25) F2. For the heat of formation for the free lithium atom we used AH{ = 38.41 kcal/mol. is slightly bent but still close to linearity. The almost linear arrangement of the atoms 1Li, 2N, and 3C indi cates sp hybridization of 2N, resulting in donation of the nitrogen lone pair into an empty 2p orbital of the metal atom as frequently described in literature [28, 29] , sp2 hybridization of 2N would lead to a structure with a more pronounced CNLi bond angle and the Li atom lying in a plane orthogonal to the one defined by atoms ?N, 3C, and 8H as shown in Figure 3 . Com parison of the geometries of 1 a and 1 d [5] shows that the influence of the amino group on the geometry of the remaining part of the molecule is negligible. So, e.g., the changes in bond lengths upon substitution of the NH2 group by hydrogen do not exceed 0.5 pm (cf. Fable 9).
In the case of bridged structure 2a, the 3C4C5N segment of the molecule is distinctly bent and deviates about 19° from linearity. As a result, the CN multiple bond in 2 a is somewhat shortened, while the length of the CC bond is slightly increased compared with lithiated ketenimines la and lc. Fhe Li atom of 2a lies approximately in the plane defined by the atoms ?N, 4C, and 3C, its perpendicular distance from this plane being only about 6 pm (cf. Figure 2) . Next neighbour of the lithium atom is 4C. With 197.6 pm at the 6-31 G* level, the 7L i-4C bond is even shorter than the Li-C single bond in methyllithium (6-31 G*: 200.1 pm [28] ).
Fo estimate the influence of the amino group in 2 a on the geometry of the remaining part of the molecule the structure of this part might be compared with the 6-31 G* data for 2b [5] . Replacement of the NH2 group by a hydrogen atom leaves the nitrogen carbon skeleton of the molecule virtually unchanged while the position of the lithium atom is shifted in that one carbon lithium bond length is somewhat reduced while the other is slightly increased (cf. Fable 10).
Fhe geometry optimization of 3 a has been per formed under constraint of D2h symmetry and the resulting stationary point turned out to be a local minimum (cf . Fables 8 and 11) . According to the X-ray data a well as to our theoretical results the four-membered ring is essentially planar. Repulsive interactions between the bulky substituents in A or packing forces in the solid state might at least in part account for the remarkable differences between experimentally deter mined structural parameters and those calculated for 3 a. So, e.g., the experimental L i-N bond length ex ceeds our theoretical value by more than 10 pm. While calculated and experimental N -N distances are not too different, the experimental Li-L i separation is significantly wider (30 pm) than its computational counterpart.
Fhe 3C2N 1Li moiety which is linear in Id is dis tinctly bent in dimer 3 a.
Fo evaluate the influence of electron correlation on the geometry of the nonclassical structure 2 b we reoptimized this molecule including correlation energy calculated by means of Moller-Plesset perturbation theory to the second order. Fhe resulting structure (£tot = -139.22292 a.u.) is shown along with the corre sponding HF/6-31 G* result in Fig. 6 of the appendix. Comparison of the two geometries reveals that the principal features of the nonclassical molecule are re tained upon optimization including correlation cor rections.
While in the case of the lithiated ketenimine the ab initio (la) and the semiempirical (la') structure are quite similar, marked differences occur between 2 a and 2 a' (cf. Fables 12 and 13).
Charge Distributions and Molecular Orbitals
Fhe Mulliken charges of 1 a and 2 a calculated with the different basis sets at the corresponding optimized geometries are listed in Table 4 a -b . The resulting dipole moments of 1 a -1 d and 2 a are given in Table 5 . Both, in 1 a as well as in 2 a. the general charge distri bution is (H2N)(H)C5-C5 + N< 5~Li'5 + . Consequently, the nucleophilic centers of the CCNLi backbone are the nitrogen atom and the carbon atom carrying the amino group.
With all basis sets the HOMO of la is a n orbital with the largest coefficients at 4C and smaller ones at Analysis of the molecular orbitals of l a and 2a as calculated with the 6-31 G* basis set at the corre sponding optimized geometry reveals that the valence orbitals of lithium are only weakly involved in occu pied MOs. The HOMO of 1 a, which is of n symmetry, is bonding between 4C and 3C as well as between 2N and *Li, but antibonding between 3C and 2N. Bond ing participation of the lithium atom in this molecular orbital reflects the aforementioned donation of elec tron density from nitrogen into a vacant 2p orbital of the metal atom.
Mulliken charges of 3 a and 1 d are given in Table 6 . The atomic charges in 1 d are very similar to those of the corresponding atoms in its dimer 3 a. Again the Mulliken charges of the nitrogen atoms 2N and 2 N in the dimer are more negative than those of 4C and 4 C, while the carbon atoms have larger orbital coefficients in the HOMO.
Dimerization
We further studied the dimerization reaction of lithiated aminonitriles. Assuming that replacement of the NH2 group by hydrogen does not affect the dimerization reaction too severely, we used 3 a, the dimer of parent Id, in this part of the study. The 6-31 G* optimized structures of Id and 2b as well as their total energies at the HF/6-31 G*//6-31 G* and MP2/6-31 G*//6-31 G* level have been published re cently and the data for these molecules have been taken from literature [5] , Using the HF/6-31 G*//6-31 G* total energies we calculate a dimerization energy of -58.7 kcal/mol relative to 1 d, which is rather close to the MNDO result of -52.9 kcal/mol [5] , Inclusion of electron correlation (MP2/6-31 G*//6-31 G*) slightly decreases the energy of reaction to -60.5 kcal/mol. Addition of HF/6-31 G*//6-31 G* zero point energy finally yields a value of -58.0 kcal/mol. Choosing the more stable monomer 2 b as reference yields a dimer-ization energy of -41.1 kcal/mol without and of -40.0 kcal/mol including HF/6-31 G*//6-31 G* zero point energy. These reaction energies indicate that at least in the gasphase dimerization is an energetically favoured process.
To estimate the influence of the solvent we calcu lated the change of energy associated with the reaction [5] : At the HF/6-31 G*//6-31 G* level we obtained a value of -15.1 kcal/mol indicating that the dimerization remains exothermic in solution.
Vibrational Spectra
The vibrational frequencies of 1 a. 1 c, and 2 a calcu lated with the 6-31 G and 6-31 G* basis sets which are listed in Table 7 are schematically plotted in Fig. 4 a, while those of 1 d and 3 a are compiled and drawn in Fable 8 and Fig. 4 b, respectively.
Fhe monomers under consideration are either of Cs (la, lc, 2b) Cj (2a), or of C2v symmetry (Id). Thus in principle all fundamentals of 1 a, 1 c, 2 a, and 2 b should be active in IR. For la and lc one expects twelve genuine vibrations of A' and six of A" symmetry. The A' vibrations at 2304.1 cm "1 in la and 2285.7 cm "1 in lc are predominantly due to stretching of the 2N3C bonds. The corresponding vibration in 2 a occurs at 2348.9 cm "1. The shift of this vibration to shorter wavelengths compared with 1 a and 1 c indicates the expected higher triple bond character in 2 a which is also reflected by the shorter CN multiple bond length (cf. Tables 9-10). Due to their localization in the CN region these vibrations show a significant isotopic shift upon replacement of the corresponding nitrogen or carbon atom by its heavier isotop. In the case of 1 d we expect twelve genuine vibrations: five of A1? three of Bj, and four of B2 symmetry. The calculated stretching frequency of the CN bond is 2298.9 cm-1.
The dimer 3a is of D2h symmetry. Thus, the vibra tions which are active in IR should be inactive in a Raman spectrum and vice versa. In the case of 3a one expects thirty genuine normal vibrations, six of Ag, four of Blg, four of B2g, one of B3g, one of Au, five of Blu, four of B2u, and five of B3u symmetry. Raman, while the members of the last three are active in IR, only. The Au mode is neither active in IR nor in Raman. The centrosymmetry might be more or less disturbed in dimers with substituents like A. B, and C and those vibrations which are of zero IR intensity in the idealized D2h case should in principle become ob servable in the infrared spectrum, too.
In the case of 3a antisymmetric stretching of the CN bonds (B3u) occurs at 2245.2 cm" 1 indicating that dimerization shifts the characteristic absorption of lithiated acetonitrile about 54 cm "1 to longer wave lengths. Scaling of the calculated CN stretching frequencies of la, lc, Id, 2a, 2b, and 3a with an empirical factor of 0.89 [30, 31] yields values of 2051, 2034, 2046, 2091, 2104, and 1998 cm-1, respectively. Except those of 2a and 2 b these scaled wavenumbers are rather close to the experimental data obtained for our lithiated aminonitriles (vide infra) and also for the dimer of lithiated phenyl acetonitrile [6] . Taking into account the expected relative stability of the ketenimine-like and the nonclassical structure in solution we discard 2 a and 2 b from our further considerations.
The 1800-2500 cm-1 regions of the experimental IR spectra of A, B, C and D, are shown in Figure 5 . Like the spectra of other metalated nitriles [11, 12, [32] [33] [34] [35] they are characterized by strong bands in the 2000-2100 cm-1 region, which in accordance with our theoretical results are usually assigned to stretch ing of the CN multiple bond. The spectra of all four compounds show absorptions somewhat above 2100 cm-1 (c). In the case of lithiated acetonitrile (D) this band occurs at 2134 cm-1 and had also been observed by Juchnovski et al. [11] . Based on their experimental results those authors assign this absorp tion to the lithium derivative of the acetonitrile dimer [11] . The corresponding weak bands in the spectra of compounds A, B, and C gain intensity when the sam ple is briefly exposed to air while the strong absorp tions between 2000 and 2100 cm-1 decrease simulta neously. Thus, we assign the weak bands to oxidation or hydrolysis products of the lithiated aminonitriles or to compounds formed from these products in sub sequent reactions. In the cases of A and B the strong absorptions occur at 2061 and 2016 cm "1, and the 2061 cm-1 band of A has a shoulder at about 2025 cm-1 (spectrum a). For compound C the characteristic absorption is signifi cantly split with absorption maxima of almost equal intensity at 2019 and 2034 cm" l. Of special interest is the question as to the origins of the shoulder and the splitting. A similar splitting as for compound C has previously been observed for lithiated acetonitrile D in THF. Fhese two absorptions have been assigned to the free ion and a solvent-separated ion pair [11, 12] . In the solid state, however, a single broad band had been obtained for the same compound [11] , Sub sequent studies revealed, however, that lithiated aceto nitrile in FHF is a dimer between room temperature and the melting point of the solvent [5] . Since other authors [33] report a single band at 2040 cm "1 for lithiated acetonitrile we metalated acetonitrile em ploying lithium diisopropylamide, and the correspond ing spectrum is shown together with those of A, B, and C in Figure 5 . Different from the results given in [11] we obtain a sharp band at 2051 cm "1 and in addition an absorption of much lower intensity at about 2080 cm "1. Qualitatively the same result is obtained when the lithiation is carried out with either n-or rerr-butyllithium. Since lithiated acetonitrile is known to be a dimer in solution we assign the intense absorp tion at 2051 cm "1 to 3a. According to our calculations the band due to monomer Id is expected to occur at higher wavenumbers (cf. Fable 8) than the one belong ing to 3 a. Fhus, we assign the weak absorption at 2080 cm "1 to small amounts of the monomer Id.
When the reaction mixture containing A is kept under argon at room temperature for four hours, the shoulder at 2025 cm-1 in its IR spectrum is replaced by a strong band of almost the same intensity as the absorption at 2061 cm "1 (spectrum b). Since it is known that the major amount of A is monomeric under the conditions of the cryoscopic measurement, we assign the absorption at 2061 cm "1 to the monomer and the one at 2025 cm-1, which grows in upon standing at room temperature to the dimer. Fhis assignment concurs with the computational results as far as the relative positions of the CN stretching vibra tions of monomers and dimers are concerned. Fhus, it seems as if significant dimerization of A does not take place under the conditions of the cryoscopic measure ment but occurs at room temperature. Assuming that the coordination number of the lithium atom is the same in the monomer and the dimer (cf. Scheme 6) the number of molecules is higher on the side of the dimer. Fhus it might be argued that as far as entropy is concerned dimerization is indeed preferred at higher temperatures [4. 5] . Analogue cases are described in literature [4] , As yet no cryoscopic data are available for com pounds B and C. The characteristic absorption of B has a sharp maximum at 2016 cm "1 and a very weak shoulder at about 2060 cm "1 (s). We assign the sharp band at 2016 cm "1 to the dimer, while the shoulder indicates the presence of small amounts of the monomer.
As already mentioned the corresponding absorption of C is distinctly split with peaks at 2019 and 2034 cm "1. Due to their position we assign these bands to the dimer.
At the moment we are unable to provide a definite explanation for the splitting of the band in C. This splitting is much smaller than in the case of, e.g., com pounds A and D. To check whether the two bands indicate simultaneous presence of the eis-and the trans form of the dimer, we calculated the vibrational frequencies for these two isomers with the MNDO method. According to these calculations the charac teristic vibrations of both isomers should be observed at virtually the same wavenumber. Thus, it is doubtful whether the observed splitting of 15cm "1 is due to presence of both isomers. Both absorptions disappear simultaneously upon hydrolysis indicating that they might belong to one and the same species.
Experimental Part
Preparation of the lithiated nitriles requires highly anhydrous conditions. All flasks were dried by heating in vacuum and subsequently filled with dry argon (blue gel). The reactions were carried out under a slight pressure of dry argon and all ingredients were added by syringe through septa. THF stored over KOH was freshly distilled from NaH in an argon atmosphere prior to use.
5.5 mmol n-butyllithium in n-hexane were added dropwise to a solution of 0.56 g (5.5 mmol) diisopropylamine in 10 ml dry THF at -78 °C. The solution was warmed to 0 °C and then cooled again to -78 °C. 5 mmol of the nitrile (pure or dissolved in 5 ml dry THF) were added slowly. After stirring for thirty min utes the mixture was warmed up to room temperature.
IR spectra were recorded on a Perkin-Elmer FT 1750 Fourier transform spectrometer. The cells have been purged with argon before being filled. 145.5 r (4C -5N) 116.9 r(3C -8H) 110.9 r (2N-6H) 101.2 r (5N-7Li) 333.3 r (3C -7Li) 190.6 r(4C -7Li) 246.2 L(2N3C4C) 112.7 L(3C4C5N) 177.5 Table 13 . MNDO structural parame ters of 2 a'. Bond lengths in pm, bond angles in degrees.
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